ABSTRACT
Introduction
Recent literature has shown that a treatment of the household as a single decision unit is not consistent with a growing body of empirical evidence on intra-household allocations.
1 Instead, the "collective" view, in which intra-household allocations are assumed to be efficient and individual members of the family are treated as the core decision-makers, has emerged as a compelling alternative.
2
The collective household models suggest-and the empirical evidence supports-the notion that relative spousal incomes influence household allocations.
3 But while the collective approach to household behavior takes spousal incomes as given, these incomes are determined at least in part by decisions individuals make prior to marriage. 4 Thus, implicit in the construction of the collective framework is the idea that pre-marital investments influence wage earnings and, hence, the intra-marital sharing rules. Nonetheless, due to the lack of an integrated theoretical framework, the empirical studies in this area remain agnostic with respect to the factors that could determine intra-marital allocations.
In this paper, we incorporate pre-marital investments and spousal matching into a "collective" household model where marital matching is assortative and an endogenous sharing rule forms the basis of intra-household allocations. Extending the collective household framework in such fashion enables us to make two contributions to the existing literature. First, we are able to investigate how the intra-marital sharing rules that emerge endogenously in the markets for marriage affect individuals' investment choices prior to household formation. Second, because we show that both pre-marital investments and household allocations are made efficiently (in marriage markets with-1 See, for example, Browning et al. (1994) , Chiappori et al. (2002) , and Udry (1996) . 2 The generalized version of this literature was spearheaded by Becker (1981) and developed further by Chiappori (1988 Chiappori ( , 1992 .
3 See, for instance, Browning et al. (1994) and Thomas (1990) . 4 In models of the household where spousal incomes are pure public goods, such decisions can lead to inefficient pre-marital choices and intra-household allocations, although the efficiency of pre-marital investments can be restored as a result of spousal competition in the markets for marriage. For instance, Bergstrom et al. (1986) demonstrate that economic agents under-invest prior to the beginning of a cooperative stage during which their potential partners' incomes are pure public goods. Recently, Peters and Siow (2002) have combined such a model with assortative spousal matching to reveal how competition in large marriage markets restores Pareto efficiency. 1 out frictions), we are able identify the theoretical determinants of the intra-household sharing rules.
5
Our main finding is that in many cases a unique sharing rule emerges as a maritally sustainable outcome for each couple. Both the distribution of spousal pre-marital endowments and the sex ratios in the marriage markets help determine sharing rules. However, the role of the sex ratios in determining intra-household allocations increases as the rank of couples in the assortative order rises. That is, for high-ranking couples the intrahousehold allocations are influenced more by the imbalances in the sex ratios, whereas those for lower-ranking couples are influenced more by relative spousal endowments.
Related Literature
This paper sits at the juncture of three strands in the economics literature. The first strand is on "collective" household models, and early-and late-generation marital bargaining models. These allow for differences between spouses to affect the choices households make by relying on a sharing-rule or an intra-household bargaining mechanism.
The common analytical basis of this strand is that family members with potentially different preferences make Pareto-efficient household decisions. Among the earliest examples of the collective models are Becker (1981) , Chiappori (1988 Chiappori ( , 1992 , , and those of exogenous marital bargaining are Manser and Brown (1980) , McElroy and Horney (1981) , and Sen (1983) . Each of these models assume that the sharing rule or the bargaining power of the two sexes are determined exogenously and that couples have different preferences over the choice sets. In two exceptions, Basu (2001) and Iyigun and Walsh (2002) suggest models that treat the bargaining power of the sexes as determined endogenously according to actual relative earnings. Neither of these models, however, examine how the existence of pre-marital investments impacts intra-marital allocations in a collective household setting.
5 Hereafter, we refer to equilibria outcomes as unconditionally Pareto efficient if neither pre-marital investments nor intra-marital allocations can be altered to make one spouse strictly better off while leaving the other no worse off. We define outcomes as conditionally Pareto efficient if, given the choices spouses have made prior to marriage, intra-marital allocations cannot be altered to make one spouse better off while not affecting the other spouse.
The second strand of the literature to which this work is related includes papers that explore how matching influences pre-marital investments in models where spousal incomes are treated as marital public goods. Earlier work in this line, such as Bergstrom, Blume, and Varian (1986), and MacLeod and Malcomson (1993) , have shown that the equilibrium level of educational investments are below the Pareto efficient level when pre-marital investments are a public good in marriage. These papers do not take into account how endogenous matching might influence pre-marital investments. Peters and Siow (2002) argue that families make investments in education that are Pareto optimal once marital matching is endogenized. According to their results, in large marriage markets assortative matching and bilateral efficiency together guarantee that the equilibrium distribution of pre-marital investments is efficient. This is due to the fact that, when spousal wealth is a public good in marriage, the competitive marriage market and the assortative matching that occurs within it guide families to indirectly and reciprocally compensate each other for the investments that they make in their own children. Neither of the papers in this strand, including Peters and Siow, address how pre-marital investments might be influenced in a collective household setting.
Our work is most similar to Becker and Murphy (2000) and Browning, Chiappori and Weiss (2003) . As far as we know, these two papers and ours represent inaugural attempts to broaden the collective approach to cover aspects of household formation that precede marriage. Becker-Murphy and Browning-Chiappori-Weiss share similarities in that they both merge the collective household model with marital sorting to explore the implications of spousal matching. In both works, however, the endowment each spouse brings to the marriage is taken as given. In contrast, we extend the collective household to include pre-marital investments in order to examine the efficiency implications of pre-marital investments and marital sorting for the collective model. Our motivation in doing so, as we note above, is driven by three facts: One, individuals' pre-marital investments help determine relative spousal incomes, which in turn influence intra-household allocations. Two, allocational efficiency is a central tenet of the standard models of the collective household. And three, incorporating pre-marital investments and marital matching into the collective household model is a crucial step in identifying the 3 fundamental determinants of intra-marital sharing rules and their properties.
Finally, it is imperative to note the distinction between the model below, in which spousal matches occur without any frictions (i.e. where all meetings between feasible matches lead to a union), from those like Hadfield (1999) , Baker-Jacobsen (2003) , and Chiappori-Weiss (2000 , 2004 , in which there exists frictions in the marital matching process (as a result of which not all meetings lead to marriages). While both approaches have their own merits, models with frictions in general sustain inefficient choices. A similar result would attain in a modified version of the model below as well, because in choosing their optimal pre-marital investments, individuals would account for the fact that they might remain single in adulthood. As a result, conditional on the state of being married, couples would invest below the efficient levels. That noted, ex-ante efficiency would still be attained since individuals' choices when young would accurately reflect the uncertainty regarding marriage in the future. This would again make it possible to pin down the determinants of intra-household sharing rules.
The remainder of our paper is organized as follows: In section 3, we present our basic model and discuss the optimal choices of singles. In Section 4, we examine the marital outcomes and their stability conditional on a given set of pre-marital decisions.
In Section 5, we discuss individual's pre-marital investments and how the matching process in the marriage markets and the subsequent determination of intra-household allocations influences these investment choices. In Section 6, we establish the properties of the unconditionally Pareto efficient frontier. For each married couple, we then show that sorting in the marriage markets yields a unique sharing rule that is consistent with an allocation on this frontier. In Section 7, we present both an analytical and a numerical example to further illustrate the properties of the unique sharing rules for all matches along the assortative order. In Section 8, we conclude.
The Basic Model
The economy is made up of individuals who live for two periods. The total mass of women in the economy is equal to F and that of men is equal to M. Let G(N) and H(N) respectively be measures of the sets of males and females whose endowments lie in the set N and let r, r Q 1, denote the measure of women relative to men. 
and
where the functions U and V satisfy, ∀ c
The young invest ω i , ω i ≤ y i , i = f, m, in order to augment their future incomes.
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When they get older, individuals can either remain single or match in the marriage market according to their premarital investments ω i . First period investments translate into second period consumption via the production function h(ω * m , ω * f ). As Browning, Chiappori and Weiss note, if partners share a public good in marriage, their spousal incomes are complements in marital production. Following their lead, we maintain the assumption of complementarity throughout. We assume that the second period pro-
Therefore, the marital production function explicitly incorporates gains from marriage and generates assortative matching in the marriage market equilibrium. 8 Thus, for single men and women respectively, utility in the second period of life equals
For those individuals who remain single, optimal levels of pre-marital investment,
The optimal investment levels of single men and women respectively satisfy
Stable Marital Matchings and Conditional Efficiency
We now turn to the outcomes in the marriage market, taking first period investment decisions as given. First consider the marriage market outcomes conditional on first-
m, respectively represent a given set of pre-marital investments made by a male and a female. 9 LetĜ(N) andĤ(N) respectively be measures of the sets of males and 8 The supermodularity of the marital production function imples that,
9 Note that the endogenously-determined upper and lower bounds of the support of ω i across all individuals (married or single), which equal Ω min i
and Ω max i , increase with the lower and upper bound of the support of the endowments, which equal y min and y max .
females whose pre-marital investments lie in the set N. Conditional on the set of premarital investments, (ω * m , ω * f ), the sharing rule that divides second period consumption, h(ω * m , ω * f ), between the couple and supports a stable assignment in the marriage market must be such that the utilities achieved by the partners satisfy
where g, g > 0, represents a common gain from marriage that is unrelated to spousal incomes and-given that incomes are dependent on investments-to pre-marital choices and where c
, denotes the second-period consumption offered to an individual with investment ω * i by a potential partner with ω * −i . Note that equation (6) holds as a strict equality for couples that match with each other in the marriage market and as a strict inequality for couples who do not to match with each other.
10 Due to the super modularity of the marital output function, note also that,
. Therefore, the function h(ω m , ω f ) explicitly incorporates "gains" from marriage. 
Part 1 of the definition is the marriage market-clearing condition. It guarantees that, by assortative matching, each husband that invests ω * m or more will be able to match with a spouse who invests ω * f . Thus, we have the following spousal matching functions:
and,
where Φ ≡Ĝ −1 and Ψ ≡Ĥ −1 . Note that either of the functions φ(ω * f ) and ψ(ω * m ) fully describe the nature of spousal matching.
Parts 2 and 3 of the definition indicate that all individuals choose their spouses optimally in order to maximize their gains from marriage and as implied by equation (6). Accordingly, these two conditions yield the following two first-order conditions:
In Figure 1 , we depict two possible equilibria that could emerge in the marriage market conditional on the investments chosen in the first period. The pre-marital investment levels of the women are shown on the horizontal axis and those of the men are on the vertical axis. The two upward-sloping dashed lines represent two different equilibrium matching functions φ(ω * f ). The upward convex curves are the indifference curves of the wives and those that are convex downward are the indifference curves of the husbands and incorporate the sharing rules associated with each potential spousal match. Due to the assortative matching equilibrium, couples for whom the husband has higher initial endowment, y m , invest more than those for whom the husband has a lower initial endowment. If distributional factors favor men more than they do women, 11 Note that we express the first-order conditions after applying the envelope theorem.
8 then the equilibrium matching function will tend to shift to the right leading to more investment by the wives and less by the husbands.
[ Figure 1 about here.]
Equations (9) and (10) characterize the sharing rules that hold in equilibrium.
The key point is that the second period consumption of each spouse in marriage changes according to not who (s)he marries but based on the marginal contribution the spouse makes to marital output. Note that (9) and (10) hold for all married couples along the assortative order.
To derive the intra-marital allocations of each spouse along the assortative marital order, we integrate the expressions in (9) and (10):
( 1 1 ) and,
( 1 2 ) where 
12 Essentially, these allocations ensure that, when the sex ratio is not balanced (i.e., r 6 = 1), spouses in the lowest assortative order invest as they would if they were single and the spouse from the overabundant group receives his or her reservation level of utility, which is given by equation (4).
We now address how individuals choose their pre-marital investment levels and 12 Note however that when r = 1 and g = 0, if the lower bound on investment for each sex is zero, then there is a unique equilibrium where k = k 0 = 0.
9 establish the properties of pre-marital investments and intra-household allocations that are maritally sustainable.
Pre-Marital Investments
We now consider marriage market outcomes with endogenous investment decisions.
In equilibrium, males and females choose their levels of pre-marital investments according to max
subject to equation (11), and
subject to equation (12).
The solution to these problems yield the following two first-order conditions, respectively:
For the marriage market outcomes to be stable, the chosen pre-marital investment levels must satisfy an intertemporal stability condition. That is, it has to be the case that the pre-marital investment levels of married men and women are greater than or equal to those of single men and women with identical levels of endowment, ω * i ≥ ω 
4. Investments and consumption decisions satisfy the first order conditions of equations (15) and (16).
In Figure 2 , we depict two marital contract curves drawn for two different matching functions, φ[ω f (y f )]. As shown, a more favorable match for the wives raises their intramarital allocations, lowers their pre-marital investments and rotates the equilibrium combinations of pre-marital investments clockwise.
[ Figure 2 about here.]
Pareto Efficient Pre-Marital Investments and Intra-Household Allocations
For a given couple, the set of unconditionally efficient pre-marital investments and intrahousehold allocations can be determined by solving the following maximization problem:
( 1 7 ) subject to:
In addition to the constraints of equations (18), (19), and (20), the first-order conditions for this problem are
These conditions can be re-written as in equation (23).
Along the Pareto efficient frontier, equation (23) equates the relative marginal utility of pre-marital investments to its disutility. When combined with the endowment constraint, equation (19), the first order conditions of equations (21) and (22) determine the Pareto efficient frontier. Along this frontier, the wife's utility constraint, equation (18), ties down the allocation associated with the wife attaining utility equal toŪ f .
If couples make their pre-marital investments efficiently (and given the spousal matching process described in Section 4), then we shall be able to link how intrahousehold allocations are influenced by spousal endowments. To demonstrate the efficiency of the marriage market outcomes requires showing that these outcomes satisfy equations (19)-(22) and thus lie along the Pareto efficient frontier. This is easily done.
First, note that the resource constraint of equation (19) is implicit in the construction of the marriage market outcomes. Second, the first order conditions for optimal investment in the marriage market model (equations (15) and (16)) are equivalent to equations (21) and (22). Therefore the marriage market outcomes are unconditionally efficient.
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In Figure 3 , we illustrate the equilibrium. In it, we super-impose the loci of the Pareto efficient frontier and the reservation utilities on the curve that shows the equilibrium combinations of pre-marital investments, the latter which was originally depicted in Now we can characterize the equilibrium. The two first-order conditions associated with the optimal pre-marital investments, equations (15) and (16), also implicitly yield two response functions. Let ω m = f (ω f ; y m ) and ω f = g(ω m ; y f ) respectively represent the implicit association between a male and his potential spouse and between a female and her potential spouse as they are defined by (15) and (16). For a stable marriage market equilibrium, the functions f (ω f ; y m ) and g(ω m ; y f ) would be related to the matching functions defined by φ(ω f ) and ψ(ω m ) because, in equilibrium, ω *
Two Examples
To illustrate our main findings, we now present two examples. In the first one, we provide an analytical solution to a simple specification that enables us to derive closed form solutions. We use this example to verify the main findings we presented above. In our second example, we switch to a more general specification that can only be solved numerically. We use this example to carry out comparative static analyses.
(I)
Suppose that the distribution of endowments, y i , i = f, m, are uniform on [y min , y max ] with y min > 1. For simplicity, let the marital gain, g, equal zero so that k = k 0 = 0 and let the marital production function be given by
Also suppose that the preferences of males and females are represented by the following inter-temporal utility function respectively:
The first term in each equation respectively corresponds to u 1 (y m −ω m ) and v 1 (y f − ω f ), and the second terms together correspond to equations (11) and (12).
We can now express the consumption shares of husbands and wives during marriage, c 
where
Note that the marriage market matching conditions given by equations (11) and (12) are already embedded in the constructs of (27) and (28). Thus, in order to determine the optimal and efficient levels of pre-marital investments that also yield unconditionally efficient intra-household allocations, we can now maximize (25) and (26) with respect to ω m and ω f respectively and subject to equations (27) and (28). The first-order conditions associated with this problem are given by the following:
Using (31) and (32), we can generate two response functions ω m = f (ω f ; y m ) and ω f = g(ω m ; y f ) as we defined above. These functions are such that, ∀ (ω * m , ω * f ), they yield the following:
Using (33) 
We are now in position to establish the properties of the equilibrium distributions of pre-marital investments under three different cases:
1. If r = 1 so that the measures of men and women in the marriage market are identical, all individuals would marry. Given equation (34), we can establish that,
Hence, we establish that when r = 1 so that all individuals marry, both spouses' get equal shares of the marital output. That is,
2. If r < 1 so that there are fewer women than men in the marriage market, there will be some unmarried men in equilibrium. Using equation (35), we can establish
max + ry f . Accordingly, the endowment of the wife in the lowest assortative rank is equal to y min , but that of her husband equals
We can rewrite (34) to determine the endowment matches that emerge in equilibrium, ∀ (ω * m , ω * f ), when r < 1:
where, by construction,
3. If r > 1 so that there are more women than men in the marriage market, there will be some unmarried women in equilibrium. Again relying on (35) 
Next, we turn to a more general specification which, for most cases, cannot be solved analytically. We solve this example computationally and use it to explore the model's general implications with respect to the optimal levels of pre-marital investment, intra-household sharing and the stability of marital sorting.
Suppose that the distribution of endowments, y i , i = f, m, are uniform on [0, 1].
Let the marital production function be given by
As in example (I), the first term in each equation respectively corresponds to u 1 (y m − ω m ) and v 1 (y f − ω f ), and the second period consumption levels of husbands and wives are respectively given by plugging the assumed form of h(.) into equations (11) and (12) 
Using this example, we explore (a) the existence of a marriage market equilibrium and (b) how changes in the sex ratios in the marriage markets, r, influence this equilibrium.
15
With respect to the existence of the marital equilibrium, we find in all the exercises we carry out that the marital matching functions φ(ω f ) and ψ(ω m ) are such that,
That is, in all specifications, our numerical exercise generates marital matching functions that are consistent with a unique equilibrium in the marriage markets.
Figures 4 through 7 and Table 1 summarize the results of the numerical exercises. Table 1 presents results for the symmetric case where r = 1. In section (a) we present the results for r = 1, in section (b) we tabulate those for r = 1.25, and in section (c), the results for r = 1.53. The table is organized based on the endowment of the wife.
For each of the three panels, the wife's percent of the entire endowment, wife's percent of total investment, wife's percent of second period consumption and wife's percent of total surplus (as defined above) are reported.
In the symmetric case in which r = 1 and all individuals get married, each couple along the assortative order marries such that spouses have identical endowments, pre-marital investments, and intra-household allocation shares. As is shown in Table 1 , a higher ratio of women to men in the marriage markets transfers marital gains from women to men-with the effect being most pronounced among the lower assortative ranks.
This transfer arises as women compete away their surplus in response to their increased abundance. As shown in the four panels of Figure 5 , they partially mitigate this new disadvantage through increased investment but still consume less than men of identical endowment levels in both periods. Moreover, as depicted in the top two panels of Figure   5 , all married individuals' utility levels exceed those of singles with identical endowment levels. The exceptions to this observation are the married women in the lowest rank who receive their singles (reservation) utility. Since women in the lowest assortative rank marry men whose endowments are equal to zero and the equilibrium in the marriage markets ensures that all spouses receive the marginal return to their pre-marital investments, the pre-marital investments of married, lowest-rank women equal single women with identical endowment levels. But because women in higher ranks marry men whose endowment levels are more similar to theirs (which raises the wives' marginal return to pre-marital investments), such women invest a relatively higher share of their endowments compared to women in lower ranks. As shown in the last panel of Figure 5 , this 20 implies that women capture an increasing share of the marital gains as their ranks in the assortative order rises. Finally, compared to the case in which the sex ratio is fully balanced (r = 1), the optimal pre-marital investment levels of the more (less) abundant sex increases (decreases) when the sex ratio is not in balance (r 6 = 1). In contrast, the optimal second-period consumption levels of the more (less) abundant gender falls (rises) when the sex ratio is not in balance. Both of these observations are due to the fact that a higher share of the marital gains are transferred to the less abundant gender the more unbalanced is the sex ratio. Nonetheless, the impact of an unbalanced sex ratio is stronger in the lower assortative ranks and it dissipates as the rank of a couple rises. In fact, as seen in the last columns of sections (a), (b) and (c), wives' marital surplus-as measured by their willingness to accept to stay married-relative to the total surplus monotonically increases as a couple's marital rank rises. This last observation is quite important with regard to the arguments of intra-household sharing rules: while both the marriage-market sex ratio and relative spousal endowments influence intrahousehold allocations and pre-marital investments, the relative importance of the sex ratio increases and that of relative spousal endowments decreases as the rank of a couple in the assortative order increases.
In Figures 6 and 7 and in section (c) of Table 1 we show the equilibrium choices for r = 1.53. As can be observed, the general patterns we discussed above are retained in this case as well, although the disparities between the sexes in pre-marital investments, consumption levels, marital gains and intra-household allocation shares are magnified.
[ Table 1 
Conclusion
In recent years the "collective" model of the household, in which individual members of the family are treated as the core decision-makers and a sharing rule generates ef-ficient intra-household allocations, has emerged as the most promising framework for understanding household behavior. These models suggest that relative spousal incomes influence household allocations but they do not account for the fact that the household income can be determined at least in part by decisions individuals make prior to marriage. As we point out above, the lack of an integrated theoretical framework-in which the intra-household sharing rules are derived endogenously-accounts for why empirical studies in this area remain agnostic with respect to the factors that could determine intra-marital allocations.
In this paper, we present the first attempt to extend to collective household model to cover pre-marital investments and matching in the marriage markets. Our endeavour shows that, for each couple, an endogenously determined sharing rule emerges as the only maritally sustainable outcome. Both the distribution of spousal pre-marital endowments and the sex ratios in the marriage markets help to determine a marital sharing rule. However, imbalances in the sex ratios become more prominent in influencing intrahousehold as the rank of couples in the assortative order rises. In particular, we find that, for high-ranking couples, the intra-household allocations are affected more by the imbalance in the sex ratios whereas those for lower-ranking couples are influenced more by relative spousal endowments. We also find that all sharing rules along the assortative marital order yield Pareto efficient investment choices and intra-household allocations. 
